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1
DRIVING CIRCUIT AND METHOD FOR
DRIVING CURRENT-DRIVEN DEVICES

This application claims the benefit of Taiwan application
Serial No. 97150324, filed Dec. 23, 2008, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE APPLICATION

1. Field of the Application

The application relates in general to a LED (Light Emitting
Diode) driver of current-driven devices, and more particu-
larly, to a driving circuit of current-driven devices, which can
determine whether the output channel is available for power-
saving and control the output voltage. accurately

2. Description of the Related Art

A light emitting diode (LED) has advantages of low power
consumption, long lifetime, small volume and short response
time. Therefore, the LED increasingly is adopted on the con-
ventional lamp bulb. Besides, the LED can also be applied in
domestic electric appliances and used as a backlight source
for a notebook computer. Compared with a notebook com-
puter using cold-cathode-fluorescence lamps (CCFLs), the
notebook compute using LEDs can save more power and
elongate lifetime of the battery.

This kind of electronic device (such as a notebook com-
puter) includes an LED driving circuit for driving the LEDs.
Normally, the electronic device is configured with a number
of LED channels, but sometimes, a part of which are not used
and set at a floating state. If there is no good mechanism for
detecting which LED channels are at floating state and
accordingly controlling the floating-state LED channels, the
floating-state LED channels easily cause unnecessary power
consumptions, influence conversion efficiency of the whole
circuit and increase power consumption, or even cause an
error determination and operation of the DC-DC converter.

For this reason, an example of the invention provides a
driving circuit which can detect whether the LED channels
are enabled or disabled at the initiation. Accordingly, the LED
driver can turn off the disabled LED channels and ignore the
feedback status thereof in order to save power, increase con-
version efficiency of the whole circuit, and reduce the error
determination to make the DC-DC converter in normal opera-
tion.

SUMMARY

The application is directed to a driving circuit and method
for driving a number of current-driven devices. The driving
circuit and method can determine whether the output chan-
nels are enabled or disabled, and turns off the according
output current sources to achieve a power-saving function.

The application is directed to a driving circuit and method
for driving a number of current-driven devices. The driving
circuit and method can determine whether the output chan-
nels are enabled or disabled, and ignore the status of the
disabled output channels to control the output voltage accu-
rately.

According to an example of the present application, a driv-
ing circuit for driving a number of current-driven devices is
provided. The driving circuit comprises a voltage converter
and a controller. The voltage converter is for converting an
input voltage into an output voltage for driving the current-
driven devices. The controller is coupled to the voltage con-
verter and the current-driven devices. The controller includes
avoltage-converter controller, a channel-enablement detector
and a number of output channel terminals. The controller is
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for controlling the voltage converter. The channel-enable-
ment detector is coupled to the controller. The output channel
terminals are coupled to the channel-enablement detector,
wherein the output channel terminals are further coupled to a
reference voltage or the current driven devices. The detecting
current sources are coupled to the output channel terminals.
At an initiation of the driving circuit, the channel-enablement
detector detects whether a plurality of voltages at the output
channel terminals are changed by the detecting current
sources and accordingly determines whether the output chan-
nel terminals are coupled to the current-driven devices.

According to another example of the present application, a
driving method for driving a number of current-driven
devices is provided. The driving method comprises convert-
ing an input voltage into an output voltage for driving the
current-driven devices; at an initiation, detecting whether a
plurality of voltages of a plurality of output channel terminals
are changed by a charging or discharging operation and
accordingly determining whether the output channel termi-
nals are coupled to the current-driven devices or a reference
voltage; ignoring status of the output channel terminals
coupled to the reference voltage and turning off a plurality of
current output sources of the output channel terminals
coupled to the reference voltage; and selecting a minimum
value from the voltages of the output channel terminals
coupled to the current-driven devices and controlling the
voltage-converting step according to the minimum value.

The application will become apparent from the following
detailed description of the non-limiting embodiments. The
following description is made with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram of an LED driving circuit accord-
ing to a first embodiment of the invention.

FIG. 2A is a detailed block diagram of the controller
according to the first embodiment of the invention.

FIGS. 2B and 2C are two examples of the channel-enable-
ment detector according to the first embodiment of the inven-
tion.

FIG. 3A is a waveform diagram at the enabled output
channel according to the first embodiment of the invention.

FIG. 3B is a waveform diagram at the disabled output
channel according to the first embodiment of the invention.

FIG. 4 is a block diagram of an LED driving circuit accord-
ing to a second embodiment of the invention.

FIG. 5 is a detailed block diagram of the controller accord-
ing to the second embodiment of the invention.

FIG. 6A is a waveform diagram at the enabled output
channel according to the second embodiment of the inven-
tion.

FIG. 6B is a waveform diagram at the disabled output
channel according to the second embodiment of the inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

In the embodiments of the invention, it is determined
whether the output channels are enabled or disabled. The
current output sources of the disabled output channels will be
turned off for power-saving. Besides, in voltage conversion,
the status of the disabled output channels is ignored to accu-
rately control the voltage conversion.

First Embodiment of the Invention

FIG.1 is a block diagram of an LED driving circuit accord-
ing to a first embodiment of the invention. As shown in FIG.
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1, the LED driving circuit 100 of the first embodiment at least
includes a voltage converter 110 and a controller 120. The
LED driving circuit 100 is for driving a number of LED
groups 130.

The voltage converter 110 converts an input voltage V1
into an output voltage V2. The voltage conversion performed
by the voltage converter 110 can be voltage boosting, voltage
bucking or voltage boost-bucking. One of features of the
voltage converter 110 lies in that the output voltage V2 can
supply currents to drive loads, such as the LED groups 130,
and the output voltage V2 can be controlled accurately. In the
LED driving circuit 10, the output terminal of the voltage
converter 110 is coupled to the LED groups 130 for supplying
the output voltage V2 to drive the LED groups 130.

The controller 120 has a number of output channel termi-
nals. All, some or none of the output channel terminals may be
coupled to the LED groups 130, and all, some or none of the
output channel terminals may be coupled to a ground voltage.
The controller 120 can include a constant current source for
driving the LED groups 130. The controller 120 transmits (i.e.
feeds back) the status of the LED groups 130 to the voltage
converter 110 and accordingly controls the voltage converter
110, such that the voltage converter 110 can generate the
output voltage V2. The feedback mechanism enables the LED
driving circuit 100 to drive the LED groups 130 stably. Fur-
ther, the controller 120 and the voltage converter 110 can be
integrated into a chip. The control mode of the controller 120
can be voltage mode/current mode pulse width modulation
(PWM), pulse frequency modulation (PFM), or a combina-
tion thereof, or other control modes suitable for controlling
the voltage converter 110.

At initiation of the LED driving circuit 100, the controller
120 can determine which output channel terminals are
coupled to the LED groups 130 (i.e. which output channels
are enabled) and which output channel terminals are not
coupled to the LED groups 130 (i.e. which output channels
are disabled). Then, the controller 120 can give a correspond-
ing response to the disabled output channels. When the LED
driving circuit 100 is already set but has not started to operate,
the controller 120 can detect the disabled output channel(s),
turn off the disabled output channel(s) and ignore the status of
the feedback terminal(s) thereof for power-saving.

FIG. 2A shows a detailed block diagram of the controller
according to the first embodiment of the invention. As shown
in FIG. 2A, the controller 120 includes a voltage-converter
controller 210, a channel-enablement detector 220, detecting
current sources IS_1~IS_n, and current output sources
IOUT_1~IOUT _n. The detecting current sources IS_1~IS_n
are current sources for instance.

When the LED driving circuit 100 has not started to oper-
ate, the output voltage V2 of the voltage converter 110 has not
been lifted to a high voltage and the current output sources
IOUT_1~I0UT _n are temporarily in non-conductive state.
The output channel terminals OUT_1~OUT_n are respec-
tively coupled to the detecting current sources IS_1~IS_n. It
can be determined which output channel is enabled from the
voltages of the output channel terminals OUT_1~OUT_n.
One LED group 130 and a corresponding current output
source IOUT form an output channel.

Determining if the output channel is enabled or disabled
can be understood by referring to FIGS. 3A and 3B. FIGS. 3A
and 3B respectively show waveform diagrams of the voltages
at the output channel terminals according to the first embodi-
ment of the invention. FIG. 3A shows the waveform diagram
of'the enabled output channel terminals while FIG. 3B shows
the waveform diagram of the disabled output channel termi-
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nals. The voltages at the output channel terminals can also be
referred as voltages of the output channels.

The voltages of the output channels are unknown because,
at the beginning, all output channels are non-conductive. At
initiation, the parasitic capacitor of the output channel termi-
nal OUT is charged by the detecting current source IS. If the
output channel is enabled (i.e. coupled to the LED groups),
under the charging of the detecting current source IS, the
output channel terminal OUT is charged to have a voltage
higher than a detection voltage V-, as shown in FIG. 3A.
Therefore, if the voltage at the output channel terminal OUT
is higher than the detection voltage V., after a period of
time, the channel-enablement detector 220 can determine that
the corresponding output channel is at an enabled state. The
setting of the detection voltage V ,is related to the charging
ability of the detecting current source IS, and thus the value of
the detection voltage V- can be set according to the charg-
ing ability of the detecting current source IS in practical
application.

Conversely, when the output channel is unused (disabled),
owing that the output channel is coupled to a low ground
voltage (GND), even under charging of the detecting current
source IS, the corresponding output channel terminal will still
be pulled down to the low voltage and will not be charged to
have a voltage higher than the detection voltage V., as
shown in FIG. 3B. After a period of time, if the channel-
enablement detector 220 detects and determines that the out-
put channel terminal has a voltage lower than the detection
voltage V4, the corresponding output channel is deter-
mined to be disabled.

Referring to FIGS. 2B and 2C, two examples of the chan-
nel-enablement detector 220 according to the first embodi-
ment of the invention are shown. As shown in FIG. 2B, the
channel-enablement detector 220 at least includes a number
of comparators 230_1~230_» and a control logic 240. The
comparators 230_1~230_» are used for comparing the volt-
ages of the output channel terminals with the detection volt-
age V .z, The comparison result of the comparators is trans-
mitted to the control logic 240. Besides, as shown in FIG. 2C,
by time division multiple access concept, the channel-enable-
ment detector 220 can detect whether the channel is disabled
by using one comparator 250.

Ifthe comparison result shows some of the output channels
are disabled, the control logic 240 ignores the status of the
disabled output channels and turns off the corresponding
current output sources IOUT of the output channels for
power-saving.

Besides, the control logic 240 selects a minimum value
from the voltages of the enabled output channel terminals (i.e.
a smallest voltage value higher than the detection voltage
V per) and transmits the minimum value to the voltage-con-
verter controller 210. The voltage-converter controller 210
controls the voltage-converting operation of the voltage con-
verter 110 such that the voltage converter 110 can generate
the output voltage V2.

After the initial detection ends, the detecting current
sources (current sources) IS_1~IS_n are transformed into a
power-off state and the current output sources
IOUT_1~I0UT_n corresponding to the enabled output chan-
nels are transformed from a power-off state into a power-on
state. The output voltage V2 of the voltage converter 110
reaches a stable voltage such that the LED groups 130 are
completely turned on, and at the time, the controller 120
reaches a stable state.

Second Embodiment of the Invention

FIG. 4 is a block diagram of an LED driving circuit accord-
ing to a second embodiment of the invention. As shown in
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FIG. 4, the LED driving circuit 400 of the second embodi-
ment at least includes a voltage converter 410 and a controller
420. The LED driving circuit 400 is for driving a number of
LED groups 430. The operation of the voltage converter 410
is similar to that of the voltage converter 110 and thus any
detail is not necessarily given here.

The controller 420 has a number of output channel termi-
nals. All, some or none of the output channel terminals may be
coupled to the LED groups 430, and all, some or none of the
output channel terminals may be coupled to a high voltage
VDD. Basically, the controllers 420 and 120 have similar
operation principles. The following description is provided to
illustrate their difference.

Similarly, at the initiation of the LED driving circuit 400,
the controller 420 can determine which output channel ter-
minals are coupled to the LED groups 430 (i.e. which output
channels are enabled) and which output channel terminals are
coupled the high voltage VDD (i.e. which output channels are
disabled). Then, the controller 420 can give a corresponding
response to the disabled output channels. When the LED
driving circuit 400 is set but has not started to operate, the
controller 420 can detect the disabled output channel(s), turn
off the disabled output channel(s) and ignore the status of the
feedback terminal thereof for power-saving.

FIG. 5 shows a detailed block diagram of the controller
according to the second embodiment of the invention. As
shown in FIG. 5, the controller 420 includes a voltage-con-
verter controller 510, a channel-enablement detector 520,
detecting current sources 1C_1~IC_n, and current output
sources IOUT_1~IOUT_n. The detecting current sources
IC_1~IC_n are current sinks for instance.

When the LED driving circuit 400 has not started to oper-
ate, the output voltage V2 of the voltage converter 410 has not
been lifted to a high voltage and the current output sources
IOUT_1~I0OUT_n are temporarily set in a non-conductive
state. The output channel terminals OUT_1~OUT_n are
respectively coupled to the detecting current sources
IC_1~IC_n. It can be determined which output channel is
enabled from the voltages of the output channel terminals
OUT_1~0OUT _n.

Determining if the output channel is enabled or disabled
can be understood by referring to FIGS. 6A and 6B. FIGS. 6A
and 6B respectively show waveform diagrams of the voltages
at the output channel terminals according to the second
embodiment of the invention. FIG. 6A shows the waveform
diagram of the enabled output channel terminals while FIG.
6B shows the waveform diagram of the disabled output chan-
nel terminals. The voltages at the output channel terminals
can also be called voltages of the output channels.

The voltages of the output channels are unknown because
at the beginning, the output channels are non-conductive. At
initiation, the parasitic capacitor of the output channel termi-
nal OUT is discharged by the detecting current source IC. If
the output channel is enabled (i.e. coupled to the LED
groups), under the discharging of the detecting current source
1C, the output channel terminal OUT is discharged to have a
voltage lower than a detection voltage V o1, as shown in F1G.
6A. Therefore, if the voltage at the output channel terminal
OUT is lower than the detection voltage V o -after a period of
time, the channel-enablement detector 520 can determine that
the corresponding output channel is at an enabled state.

Conversely, when the output channel is unused (disabled),
owing that the unused output channel is coupled to the high
VDD, even under discharging of the detecting current source
1C, the corresponding output channel terminal will still be
pulled up to the high voltage and will not be discharged to
have a voltage lower than the detection voltage V... as
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shown in FIG. 6B. After a period of time, when the channel-
enablement detector 520 detects and determines the output
channel terminal has a voltage higher than the detection volt-
age V., the corresponding output channel is determined to
be disabled. Basically, the structure of the channel-enable-
ment detector 520 is similar to that of the channel-enablement
detector 220. The setting of the detection voltage V., is
related to the discharging ability of the detecting current
source IC, and thus the value of the detection voltage V-,
can be set according to the discharging ability of the detecting
current source IC in practical application.

If some of the output channels are detected to be disabled,
the controller 420 ignores the status of the disabled output
channels, turns off the current output sources of the disabled
output channels for power-saving.

After the initial detection ends, the detecting current
sources (current sinks) IC_1~IC_n are into a power-off state
and the current output sources IOUT_1~IOUT_n corre-
sponding to the enabled output channels are into a power-on
state. The output voltage V2 of the voltage converter 410
reaches a stable voltage such that the LED groups 430 are
completely turned on, and at the time, the controller 420
reaches a stable state.

Additionally, embodiments of the invention are not limited
to being applied to the LED driving circuit. For example,
other types of current-driven devices can also take place of the
LED groups and the current-driven devices can be accurately
driven by using the above architecture.

According to the above-mentioned embodiments of the
invention, the disabled output channel is coupled to the ref-
erence voltage (GND or VDD) while the enabled output
channel is coupled to the LED groups. Therefore, under influ-
ence of the detecting current sources in the controller, after
the circuit is initiated for a period of time, if the voltage of an
output channel terminal is changed, it implies the correspond-
ing output channel is enabled; conversely, if the voltage of an
output channel terminal is not changed, it implies the corre-
sponding output channel is disabled. By determining whether
the output channel is enabled or disabled, the power-saving
function can be achieved and the voltage conversion of the
voltage converter can be accurately controlled.

Itwill be appreciated by those skilled in the art that changes
could be made to the disclosed embodiments described above
without departing from the broad inventive concept thereof. It
is understood, therefore, that the disclosed embodiments are
not limited to the particular examples disclosed, but is
intended to cover modifications within the spirit and scope of
the disclosed embodiments as defined by the claims that
follow.

What is claimed is:

1. A driving circuit for driving a plurality of current-driven
devices, the driving circuit comprising:

a voltage converter, for converting an input voltage into an
output voltage for driving the current-driven devices;
and

a controller, coupled to the voltage converter and the cur-
rent-driven devices, the controller comprising:

a voltage-converter controller, for controlling the volt-
age converter,

a channel-enablement detector, coupled to the voltage-
converter controller;

a plurality of output channel terminals, coupled to the
channel-enablement detector, wherein the output
channel terminals are further coupled to a reference
voltage or the current-driven devices; and

a plurality of detecting current sources, coupled to the
output channel terminals;



US 7,936,090 B2

7

wherein at an initiation of the driving circuit, the channel-
enablement detector detects whether a plurality of volt-
ages at the output channel terminals are changed by the
detecting current sources and accordingly determines
whether the output channel terminals are coupled to the
current-driven devices.

2. The driving circuit according to claim 1, further com-
prising a plurality of current output sources coupled to the
output channel terminals.

3. The driving circuit according to claim 2, wherein when
the reference voltage is a ground voltage, the detecting cur-
rent sources comprise a plurality of current sources.

4. The driving circuit according to claim 3, wherein at the
initiation of the driving circuit, under charging of the current
sources, if a voltage of one of the output channel terminals is
higher than a detection voltage, the one of the output channel
terminals is determined to be coupled to the current-driven
devices.

5. The driving circuit according to claim 4, wherein at the
initiation of the driving circuit, under charging of the current
sources, if a voltage of one of the output channel terminals is
lower than the detection voltage, the one of the output channel
terminals is determined to be coupled to the reference volt-
age.

6. The driving circuit according to claim 5, wherein the
channel-enablement detector ignores status of the output
channel terminals coupled to the reference voltage and turns
off the current output sources corresponding to the output
channel terminals coupled to the reference voltage.

7. The driving circuit according to claim 6, wherein the
channel-enablement detector selects a minimum value from
the voltages of the output channel terminals coupled to the
current-driven devices and transmits the minimum value to
the voltage-converter controller, and the voltage-converter
controller controls the voltage converter according to the
minimum value.

8. The driving circuit according to claim 7, wherein after an
initial detection ends, the detecting current sources are pow-
ered off, and the current output sources corresponding to the
output channel terminals coupled to the current-driven
devices are powered on.

9. The driving circuit according to claim 2, wherein when
the reference voltage is a high reference voltage, the detecting
current sources comprise a plurality of current sinks.

10. The driving circuit according to claim 9, wherein at the
initiation of the driving circuit, under discharging of the cur-
rent sinks, if'a voltage of one of the output channel terminals
is lower than a detection voltage, the one of the output channel
terminals is determined to be coupled to the current-driven
devices.

11. The driving circuit according to claim 10, wherein at
the initiation of the driving circuit, under discharging of the
current sinks, if a voltage of one of the output channel termi-
nals is higher than the detection voltage, the one of the output
channel terminals is determined to be coupled to the reference
voltage.

12. A driving method for driving a plurality of current-
driven devices, the driving method comprising:

converting an input voltage into an output voltage for driv-

ing the current-driven devices;

at an initiation, detecting whether a plurality of voltages of

a plurality of output channel terminals are changed by a
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charging or discharging operation and accordingly
determining whether the output channel terminals are
coupled to the current-driven devices or a reference volt-
age;

ignoring status of the output channel terminals coupled to

the reference voltage and turning off a plurality of cur-
rent output sources of the output channel terminals
coupled to the reference voltage; and

selecting a minimum value from the voltages of the output

channel terminals coupled to the current-driven devices
and controlling the voltage-converting step according to
the minimum value.

13. The driving method according to claim 12, wherein
when the reference voltage is a ground voltage, the step of
detecting whether the voltages of the output channel termi-
nals are changed by the charging or discharging operation
further comprises:

charging by a plurality of current sources.

14. The driving method according to claim 13, wherein the
step of determining whether the output channel terminals are
coupled to the current-driven devices or the reference voltage
comprises:

at the initiation, under charging of the current sources, if a

voltage of one of the output channel terminals is higher
than a detection voltage, determining the one of the
output channel terminal to be coupled to the current-
driven devices.

15. The driving method according to claim 14, wherein the
step of determining whether the output channel terminals are
coupled to the current-driven devices or the reference voltage
comprises:

at the initiation, under charging of the current sources, if a

voltage of one of the output channel terminals is lower
than the detection voltage, determining the one of the
output channel terminal to be coupled to the reference
voltage.

16. The driving method according to claim 12, wherein
when the reference voltage is a high reference voltage, the
step of detecting whether the voltages of the output channel
terminals are changed by the charging or discharging opera-
tion further comprises:

discharging by a plurality of current sinks.

17. The driving method according to claim 12, wherein the
step of determining whether the output channel terminals are
coupled to the current-driven devices or the reference voltage
comprises:

at the initiation, under discharging of the current sinks, ifa

voltage of one of the output channel terminals is lower
than a detection voltage, determining the one of the
output channel terminal to be coupled to the current-
driven devices.

18. The driving method according to claim 17, wherein the
step of determining whether the output channel terminals are
coupled to the current-driven devices or the reference voltage
comprises:

at the initiation, under discharging of the current sinks, ifa

voltage of one of the output channel terminals is higher
than a detection voltage, determining the one of the
output channel terminal to be coupled to the reference
voltage.



